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@ Process and device to improve the performances and the life, with corrosion reduction, in Kettle 
type carbamate condensers in urea plants. 
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@ A process to improve the performances and 
reduce the effects of corrosion in vapour stripping 
condensations in urea plants, through the use of a 
carbamate condenser with "Kettle"-type tube sheet. 

Characteristically in the zone facing the pipe 
inlet of said condenser, the condensation of a nota- 
ble portion of stripping vapours takes place. 

The devices used to put said process into op- 
eration comprise in the zone facing the tube sheet of 
the carbamate condenser: a) a feed opening contain- 
ing at least: a1) a return pipe of the condensed 
carbamate solution, a2) an ejector for the mixing of 
the recycle liquid with the solution rich in water 
coming from the outside of said feed opening, and 
a3) an outlet for the condensed fluid flowing toward 
the reactor, being the nozzle of said return pipe 
positioned in the periphery of the tube sheet's dis- 
charge zone; b) at least a conduct for the stripping 
vapours internally or externally crossing the con- 
denser and having the outlet at the periphery of the 
inflow of the tube sheet. 
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The present invention relates to a p r ocess to 
improve the performances anc to reduce the corro- 
sion effects n high pressure and temperature con- 
densat.on of the NH3, C02. H20 vapours, which 
are generated in the treatment systems, so-called 
of stripping, of the solution coming from the urea 
reactor, saic condensation being carried out by 
means of a carbamate condenser in particular of 
the tube bundle "Kettle" type to which part of the 
carbamate solution effluents from the condenser 
itself is recycled. 

As known in modern urea plants characterized 
by the isobaric stripping of most of the unreacted 
substances contained in the urea solution outflow- 
ing the reactor and wntch utilize as stripping agents 
part of the C02 or NH3 feed stream, the so- 
obtained stripping vapours are condensed in suit- 
able heat exchangers recovering the heat produced 
in said condensation with low pressure steam pro- 
duction (4^5 bar a). 

Regarding the condensation, it is necessary to 
feed the condenser with the carbamate solution 
coming from the downstream distillation section 
and containing enough water to keep the carba- 
mate in solution too. 

The carbamate condensers of particular inter- 
est are horizontal U-tube heat exchangers, better 
known as horizontal Kettle condensers usually uti- 
lized in the urea plants based on the Snamprogetti 
process. 

This condensation stage is extremely critical 
and requires a complicated combination of oper- 
ative parameters: it is in fact essential that the 
vapours to be condensed (NH3, C02, H20) are 
finely mixed to the carbamate solution rich in wa- 
ter, which acts as absorbing agent, and comes 
from the section downstream the synthesis section, 
so that a high temperature condensation can take 
place producing therefore steam at the highest 
possible pressure; moreover it is necessary to pro- 
tect the components (the condenser exchange sur- 
face), usually in stainless steel for costs reduction, 
from corrosion, being the process fluids very corro- 
sive. 

Unfortunately, the Kettle condensers, common- 
ly used in modern plants too, denotes big life 
limitations and cannot assure optimal operative 
conditions, being based on processes which have 
various limitations and drawbacks, among them are 
cited: 

- The separation (or segregation), at the con- 
denser's pipe nozzle, of liquid-vapour compo- 
nents with consequent accumulation of vap- 
ours in the upper portion of the tube sheet of 
tube bundle and liquid in the lower portion of 
said sheet. 

This separation is caused by the low 
velocity of the fluids' circulation (approx. 0.1 



m sec.) and oy the great difference in spe- 
cific weight between liquid and vapour. 

Consequently, the vapour liquid ratio in 
the zone facing :he tube sheet and in most of 
5 the pipes shall not be optimal, and shall 

concensate with difficulty. 

To obviate this problem, it is necessary 
tc notably increase the exchange surface, 
with incrementation of the size of the device 
io and also of the cost for the same. 

In addition, the separation of the liquid- 
vapour components cause a lowering of the 
thermal level of the steam produced with 
respect to the amount theoretically produc- 
75 tble. 

- The corrosion of the tube sheet and the tubes 
(the exchange surface of the condenser in 
general) caused by the above mentioned 
separation of the two phases. 

20 One of the precautions normally under- 

taken to contain the negative effects of the 
phenomena is to introduce, for example, air 
into the system, which wiil reach the carba- 
mate condenser through the stripping vap- 

25 ours to be condensed. It is, nevertheless. 

indispensable to guarantee a uniform pas- 
sivation in all areas of the equipment avoiding 
zones with stagnant liquid or liquid circulating 
at a velocity insufficient to guarantee the nec- 

30 essary contribution of passivation oxygen 

(dead spots, creation of high temperature 
zones). 

- An imperfect distribution of passivating air as 
described above that, being contained in the 

35 vapours, will tend to privilege the upper tubes 

of the carbamate condenser with respect to 
the lower ones. 
Methods have been proposed, for example in 
the second integration of the Italian Patent Appltca- 

40 tion No. 23214, in which is described a horizontal 
tube bundle condenser with recirculation outside 
the condenser of part of the carbamate solution 
effluent for the same apparatus this system being 
studied to solve the critical aspect of mixing of the 

45 absorption liquid and the vapors to be condensed 
in order to ensure an optimial distribution 
(steeping) of the liquid-steam mixture on the inside 
of the pipes of said condenser, that only partially 
and in an insatisfactory way solve the problems 

so present in the above mentioned equipment. 

From here the importance of improving in a 
definitive way the performances and duration, with 
corrosion reduction in the carbamate condensers of 
Kettle type. 

55 The first aim of the invention is to provide a 

process in which the above mentioned incon- 
veniences are eliminated and a higher thermal level 
of produced steam is obtained, as well as a higher 
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carbamate condensation, thus notably improving 
the performances and life of the equipment. 

This aim and others still shall be better ex- 
plained in the description that follows, are obtained 
through a process according to the invention de- 5 
scribed in the description introduction and Claim 1, 
that is characterized by the fact that in the zone 
facing the inlet of the tubes of said condenser the 
condensation of a large portion of stripping vapours 
is carried out and the pressure drop at the outlet of 10 
said tubes is increased. 

The devices to carry out the process, accord- 
ing to the previous claims, are characterized by the 
fact that they comprise of, in the zone facing the 
condenser tube sheet: a) a device containing at 15 
least: a1 ) a return pipe of the condensed carba- 
mate solution, a2) an ejector for the mixing of the 
recycle liquid with the solution rich in water coming 
from the outside of said part, and a3) an outlet of 
condensed fluid going to the reactor, being the 20 
entrance of said return positioned in the peripher- 
ical part of the tube sheet deflux zone; and b) at 
least a stripping vapour duct passing the con- 
denser externally or internally and having the outlet 
at the peripherical part of the tube sheet influx 25 
zone to the tube sheet, being the vapour distribu- 
tion effected by means of a perforated torus por- 
tion. 

Another particular form of the devices accord- 
ing to the invention is characterized by the fact 30 
that, when the Kettle-type carbamate condenser is 
vertical, the recycle of the carbamate inside the 
said zone facing the tube sheet is with ther- 
mosiphon circulation. 

There are many advantages of operating in this 35 
manner, which are clearly shown in the following 
description. 

The formation of carbamate in the operating 
conditions of the condenser are related more to the 
system's capacity to absorb the high reaction heat 4c 
developed than to its kinetic nature; the higher this 
capacity is, the easier the formation of carbamate 
shall be. 

In the zone preceding the tube inlet of the 
condenser, where the cold carbamate solution rich 45 
with water and hot vapours to be condensed come 
into contact, an almost instant reaction between the 
NH3 and C02 takes place with formation of carba- 
mate. 

The adiabatic reaction is interrupted when the 50 
solution's temperature shall be in equilibrium with 
the vapour phase. 

As a result there is a carbamate preconden- 
sation of a small portion of the C02, while the 
remaining portion shall be condensated in the con- 55 
denser's tubes with the problems mentioned 
above. 

In this particularly simple and advantageous 



way according to the process and the devices 
claimed, it is possible, being the recycle solution 
colder than the carbamate solution rich in water 
and therefore enabled to absorb heat, to notably 
increase the formation of carbamate in the zone 
facing the conderser tubes' inlet. 

Among the many results obtained, we limit 
citing: 

- a notable increase of liquid flow rate to the 
tubes; 

- an elevated reduction of the vapours flow rate 
to the tubes; 

- a consequent drastic reduction of the 
vapour/liquid ratio in the zone facing the tube 
inlet of the condenser- 
Thanks to the higher liquid flow rate and the 

consequent higher pressure drop at the nozzle, it 
shall be possible to obtain a more uniform distribu- 
tion of the fluids at the entrance of the tube sheet 
and inside the tubes, obtaining a higher thermal 
exchange coefficiency and a better vapours dis- 
tribution, and therefore in the passivation air 
throughout the entire condenser, with practical 
elimination of the above mentioned corrosion phe- 
nomena. In addition, thanks to the higher thermal 
exchange coefficiency, it shall be possible to raise 
the thermal level of the steam produced. 

The portion of pre-condensed carbamate in the 
zone facing the tube sheet, can be advantageously 
varied in order to obtain an almost complete con- 
densation of the stripping vapours in the said zone 
preceding the pipes' inlet of the condenser. 

Optimal results are, however, reachable limiting 
the above mentioned pre-condenser to a 
liquid/vapour weight ratio between 4 and 46, better 
between 4 and 20 and perferably between 5 and 
10; in this way the ratio between recycle liquid and 
the carbamate solution rich in water is maintained 
in the interval between 4 and 30, better between 6 
and 15 and better again between 6 and 10. 

Is it particularly surprising how the incon- 
veniences mentioned above can be brilliantly and 
simply resolved by modifying the Kettle type car- 
bamate condenser already existing according to 
the present invention. 

The different aspects and advantages of the 
invention are better shown in the detailed descrip- 
tion of an example using references from the at- 
tached drawings, example given without any limita- 
tion to the invention, and in which : 

- Figure 1 is a sketch of a section with partial 
axial schematic planes of a Kettle horizontal 
tube sheet condenser of traditional type; 

- Figure 2 is a sketch of a section with partial 
axial schematic planes of the zone facing the 
tube sheet of the Kettle exchange of horizon- 
tal type with the indication of new devices 
according to a perferred version; 



3 



5 



EP 0 464 307 A1 



6 



- Figure 3 s a sketch of a sec:ion with capiat 
axial scnematic planes of a Kettle condenser 
cf vertca. type having a carbamate recycle 
inside the zone facing the tube sneet with 
thermosiphon circulation. 

In particular, in Figure 1 a heat exchanger SC 
is shown, of horizontal Kettle tube sheet type with 
"U" pipes coming from a tube sheet PT at the inlet 
of the condenser SC, tube sheet that separates the 
tubes Ti from the influx zone Z1 and the discharge 
zone 22 of the liquid-stearn mixture, and then 
separate impermeabilized from the wall P. 

The carbamate solution rich in water L1 com- 
ing from the distillation section downstream (not 
shown), and the stripping vapours V, flow together 
through the nozzle 11 in the chamber Zt, where 
they mix before they enter the tubes Ti, through 
the nozzle 12 of the tube sheet, from wnich they 
flow down through the outlet S1 of PT to then exit 
from the device, after having crossed Z2, through 
the opening S2. 

The water for the thermal exchange is fed to 
the exchanger through line 10 and is collected in 
the form of acqueous vapour in line 11. 

Figure 2 shows, in a detailed way, the portion 
facing said tube sheet PT of the exchanger SC, 
with the two zones Z1 and Z2 separate and imper- 
meabilized from the wall P. To the flange F1 of 
said exchanger SC a feed opening B is connected 
with flanged ends F2, F3, sized to contain a return 
pipe T1 and an ejector E. The feed opening B is 
equipped with an outlet S3 for the condensed solu- 
tion L2 to be sent to the reactor, and with an 
opening S4 for the insertion of an ejector nozzle U. 

A conduct C is also foreseen to internally cross 
the zone Z1 and Z2. and with end terminating as 
torus section TT situated in the periphery of zone 
Z1 for an optimal dispersion of stripping vapours V 
which have entered from opening !3 of said con- 
duct C. 

The carbamate solution rich in water L1 (motor 
fluid) enters through the ejector nozzle U into B, is 
mixed at the opening IE of the ejector E with the 
recycle carbamate solution L3, and then enters 
from S5 into the zone Z1 , where it comes into 
intimate contact with the stripping vapours V fa- 
vouring the pre-condensation, before crossing the 
tube sheet PT. 

The condensated mixture L2 + L3 effluent PT 
enters in the opening 14 of the return pipe T1 , put 
on the periphery of zone Z2 to avoid the accumula- 
tion of inerts (dead sacks), and is in part recycled 
(L3) on the inside of the condenser itself and in 
part (L2) sent to the synthesis reactor upstream 
(not shown). 

Figure 3 shows a Kettle-type carbamate con- 
denser with vertical tube bundle evidencing the 
thermosiphon circulation of the carbamate recycle 



inside the zone facing the tube sheet. 

The references used in Figure 1 and 2, and 
also shown in Figure 3. all obviously have the 
same s.gmficance. 

a The comparative example described hereun- 

der, m which a traditional type of Kettle conden- 
sator is compared (as shown in Figure 1 ) tc a 
classic Kettle condenser modified according to the 
process and the claimed devices (see Figure 2), 

to show the advantages of the invention better. 

Comparative Example 



In the normal assett of Figure 1 , 25'OOu Kg/h of 
75 carbamate solution L1 enter through 11 at 76 °C 
and 150 bar having the following composition: 
NH3 47.12 % weight 
C02 17.46 % weight 
H20 35.42 % weight 
20 and 50'000 Kg/h of vapours V at 190°C and 150 
bar, and having the following composition: 
NH3 56.74 % weight 
C02 32.60 % weight 
H20 10.66 % weight 
25 In the mixer Z1 the two fluids are mixed with a 

partial condensation of the vapours (approx. 18% 
of the vapours condense raising the temperature of 
the liquid phase to 170° C). 

At the tube inlet 12), there are the following flow 
30 rates : 

liquid : * 34*000 Kg/h 
vapour : 41 '000 Kg/h 
The liquid/vapour weight ratio at the pipe inlet is 

0. 83 

35 In particular, in the chamber Z1 approx. 33% of 

the vapours condense and the temperature in- 
creases up to 175° C. 

At the pipe inlet of the condenser there are the 
following flow rates: 

40 liquid : 191 '700 Kg/h 

vapour : 33*300 Kg/h 
with a liquid/vapour weight ratio equal to 5,75, 
approx. 7 times that of the run without internal 
recycle. 

45 It is this notable increase of the liquid phase 

with respect to the vapour phase that ensures a 
more uniform distribution of the two phases in the 
exchanger's pipes, eliminating at the origin the 
cause of malfunctions previously complained 

so about. 

Claims 

1. Process to improve the performances and to 
55 reduce the corrosion effects in high pressure 

and temperature condensation of the NH3, 
C02, H20 vapours, which are generated in the 
treatment systems, so-cafled of stripping, of 
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the solution coming from the urea reactor, said 
condensation being carried out by means of a 
carbamate condenser in particular of the tube 
bundle "Kettle" type to which part of the car- 
bamate solution effluents from the condenser 5 
itself is recycled, characterized by the fact that 
in the zone in front of the tubes inlet of said 
condenser the condensation of a large portion 
of the stripping vapours is carried out and, the 
pressure drop (at the entrance of said tubes) is w 
increased. 



peripherical part of the tube sheet influx zone, 
being the vapours distribution carried out by 
means of a perforated torus portion. 

7. Devices according to claim 6, characterized by 
the fact that, when the Kettle carbamate con- 
denser is vertical, the carbamate recycle inter- 
nal to said zone in front of the tube sheet is 
with thermosiphon circulation. 



2. Process according to claim 1 , characterized by 
the fact that the weight ratio liquid/vapour 
weight ratio at the entrance of the condenser 75 
tubes is between 4 and 46, better between 4 

and 20 and preferably between 5 and 1 0. 

3. Process according to claim 1 , characterized by 

the fact that the ratio between the recycle 20 
solution and the carbamate solution rich in 
water is maintained in the range between 4 
and 30, better between 6 and 15 and even 
better between 6 and 10. 

25 

4. Process according to claim 1, characterized by 
the fact that the recycle of part of the carba- 
mate solution effluent from the condenser oc- 
curs in its interior. 

30 

5. Process according to the claims 1 and 4, char- 
acterized by the fact that, when the Kettle 
carbamate condenser is vertical, the carba- 
mate recycle internal to said zone in front of 

the tube sheet is of the thermosiphon type. 35 

6. Devices for carrying out the process, accord- 
ing to the previous claims, for the improvement 
of the performances and the reduction of the 
corrosion effects in the carbamate condensers, 40 
of the tube bundle "Kettle" type, with recycle 

in the condenser of part of the carbamate 
solution effluents from the apparatus, said con- 
densers including a condensation chamber 
with tube bundle having "U" tubes departing 45 
from a tube sheet at the condenser inlet, char- 
acterized by the fact of comprising in the zone 
in front of said tube sheet: a) a device contain- 
ing at least: a1) a return pipe of the condensed 
carbamate solution, a2) an ejector for the mix- 50 
ing of the recycle liquid with the solution rich 
in water coming from the outside of said part, 
and a3) an outlet of the condensed fluid going 
to the reactor, being the entrance of said return 
pipe positioned in the peripherical part of the 55 
tube sheet deflux zone; b) at least a stripping 
vapours duct passing externally or internally 
the condenser, and having the outlet in the 
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© A process to improve the performances and 
reduce the effects of corrosion in vapour stripping 
condensations in urea plants, through the use of a 
carbamate condenser with "Kettle "-type tube sheet. 

Characteristically in the zone facing the pipe 
inlet of said condenser, the condensation of a nota- 
ble portion of stripping vapours takes place. 

The devices used to put said process into op- 
eration comprise in the zone facing the tube sheet of 
the carbamate condenser: a) a feed opening contain- 
ing at least: ai) a return pipe of the condensed 
carbamate solution, a2) an ejector for the mixing of 
the recycle liquid with the solution rich in water 
coming from the outside of said feed opening, and 
a3) an outlet for the condensed fluid flowing toward 
the reactor, being the nozzle of said return pipe 
positioned in the periphery of the tube sheet's dis- 
charge zone; b) at least a conduct for the stripping 
vapours internally or externally crossing the con- 
denser and having the outlet at the periphery of the 
inflow of the tube sheet. 
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The present invention relates to a process to 
improve the performances and to reduce the corro- 
sion effects in high pressure and temperature con- 
densation of the NH3, C02, H20 vapours, which 
are generated in the treatment systems, so-called 
of stripping, of the solution coming from the urea 
reactor, said condensation being carried out by 
means of a carbamate condenser in particular of 
the tube bundle "Kettle" type to which part of the 
carbamate solution effluents from the condenser 
itself is recycled. 

As known in modern urea plants characterized 
by the isobaric stripping of most of the unreacted 
substances contained in the urea solution outflow- 
ing the reactor and which utilize as stripping agents 
part of the C02 or NH3 feed stream, the so- 
obtained stripping vapours are condensed in suit- 
able heat exchangers recovering the heat produced 
in said condensation with low pressure steam pro- 
duction {4 + 5 bar a). 

Regarding the condensation, it is necessary to 
feed the condenser with the carbamate solution 
coming from the downstream distillation section 
and containing enough water to keep the carba- 
mate in solution too, 

The carbamate condensers of particular inter- 
est are horizontal U-tube heat exchangers, better 
known as horizontal Kettle condensers usually uti- 
lized in the urea plants based on the Snamprogetti 
process. 

This condensation stage is extremely critical 
and requires a complicated combination of oper- 
ative parameters: it is in fact essential that the 
vapours to be condensed (NH3, C02, H20) are 
finely mixed to the carbamate solution rich in wa- 
ter, which acts as absorbing agent, and comes 
from the section downstream the synthesis section, 
so that a high temperature condensation can take 
place producing therefore steam at the highest 
possible pressure; moreover it is necessary to pro- 
tect the components (the condenser exchange sur- 
face), usually in stainless steel for costs reduction, 
from corrosion, being the process fluids very corro- 
sive. 

Unfortunately, the Kettle condensers, common- 
ly used in modern plants too, denotes big life 
limitations and cannot assure optimal operative 
conditions, being based on processes which have 
various limitations and drawbacks, among them are 
cited: 

- The separation (or segregation), at the con- 
denser's pipe nozzle, of liquid-vapour compo- 
nents with consequent accumulation of vap- 
ours in the upper portion of the tube sheet of 
tube bundle and liquid in the lower portion of 
said sheet. 

This separation is caused by the low 
velocity of the fluids' circulation (approx. 0.1 



m/sec.) and by the great difference in spe- 
cific weight between liquid and vapour. 

Consequently, the vapour/liquid ratio in 
the zone facing the tube sheet and in most of 

s the pipes shall not be optimal, and shall 

condensate with difficulty. 

To obviate this problem, it is necessary 
to notably increase the exchange surface, 
with incrementation of the size of the device 

w and also of the cost for the same. 

In addition, the separation of the liquid- 
vapour components cause a lowering of the 
thermal level of the steam produced with 
respect to the amount theoretically produc- 

15 ible. 

- The corrosion of the tube sheet and the tubes 
(the exchange surface of the condenser in 
general) caused by the above mentioned 
separation of the two phases. 

20 One of the precautions normally under- 

taken to contain the negative effects of the 
phenomena is to introduce, for example, air 
into the system, which will retch the carba- 
mate condenser through the stripping vap- 

25 ours to be condensed- It is, nevertheless. 

indispensable to guarantee a uniform pas- 
sivation in all areas of the equipment avoiding 
zones with stagnant liquid or liquid circulating 
at a velocity insufficient to guarantee the nec- 

30 essary contribution of passivation oxygen 

(dead spots, creation of high temperature 
zones). 

- An imperfect distribution of passivating air as 
described above that, being contained in the 

35 vapours, will tend to privilege the upper tubes 

of the carbamate condenser with respect to 
the lower ones. 
Methods have been proposed, for example in 
the second integration of the Italian Patent Applica- 

40 tion No. 23214, in which is described a horizontal 
tube bundle condenser with recirculation outside 
the condenser of part of the carbamate solution 
effluent for the same apparatus this system being 
studied to solve the critical aspect of mixing of the 

45 absorption liquid and the vapors to be condensed 
in order to ensure an optimial distribution 
(steeping) of the liquid-steam mixture on the inside 
of the pipes of said condenser, that only partially 
and in an insatisfactory way solve the problems 

so present in the above mentioned equipment. 

From here the importance of improving in a 
definitive way the performances and duration, with 
corrosion reduction in the carbamate condensers of 
Kettle type. 

55 The first aim of the invention is to provide a 

process in which the above mentioned incon- 
veniences are eliminated and a higher thermal level 
of produced steam is obtained, as well as a higher 
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